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Summary
Predicting suitability of breeds for a production system can be challenging in livestock. Most
attempts to introduce exotic breeds in low input systems were unsuccessful mainly due to the
antagonistic environmental conditions. Knowledge of the environmental conditions that are
shaping the breed would be needed to elucidate their suitability to different locations.
Predictive habitat distribution models use the current climatic conditions of a breed to make
predictions of the potential distribution of the breed. A methodology was developed to
predict breed suitability for different agro-ecological zones based on GIS tools and PHD
models. This methodology was tested on distribution data of two introduced chicken breeds
in Ethiopia: the Koekoek, originally from South Africa, and the Fayoumi, originally from
Egypt. Results from cross-validation based on the current distribution of the breeds showed
this methodology to be effective in predicting breed specific environmental suitability.
Furthermore, for both breeds the significant climatic factors that shape the breeds distribution
were similar between the suggested distribution area, and the environment from which the
breeds originated in South Africa and Egypt. This novel methodology applied to livestock
research, allows for better decisions in introduction programs and the design of testing
schemes, and increases our understanding of the role of the environment in livestock
productivity.
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Introduction
Indigenous breeds are exposed to natural selection process, which allow them to acquire traits
that shape them to be better suited to their environment when compared to introduced breeds.
They are known to be locally adapted to specific environmental conditions, as well as
tolerant to different parasites and diseases (Mirkena et al., 2010). In terms of productivity,
however, exotic breeds show an advantage over the local breeds (Kosgey et al., 2006). Better
prediction of the suitability of a breed to environmental circumstances would be beneficial.
The application of habitat distribution models is a tool that can be applied to make
inferences on the potential distribution of a breed taking into account different climatic
variables (Thomas et al., 2004; Keith et al., 2008; Phillips and Dudík, 2008; Loarie et al.,
2009). Application of predictive habitat distribution models (PHD) to predict suitability of
breeds in livestock production systems has not been done.
Here we test the predictive habitat distribution models on two different introduced
poultry breeds in Ethiopia. Ethiopia is an ecologically highly diverse country with a broad
range of contrasting agro-ecologies (Fig.1) defined by altitude, temperature and rainfall
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(Mengistu, 2003). The methodology was used to 1) make predictions for two breeds about
their potential suitable habitat range in Ethiopia, and to 2) indicate which bio-ecological
variables explain the differences in the areas where the different chicken breeds of chicken
occur. Having a better understanding of the environments’ role will improve the design of
introduction schemes, and will help to better understand the factors that may cause a
difference in breed productivity between environments.
Material and methods
Environmental and breed data
Considering all of Ethiopia, we used a total of 161 breed locations, 62 for the Fayoumi breed,
and 99 for the Koekoek breed (Fig. 1b), obtained from the Ethiopian Institute of Agricultural
Research (EIAR). From WorldClim (Hijmans et al., 2005), and the Harmonized World Soil
Database v 1.2), we collected a total of 21 variables available at a 1km by 1km resolution.
The environmental data included 19 bioclimatic variables and an elevation layer representing
current climatic conditions. These 20 layers are commonly used as indicators of annual
trends in seasonality, temperature and precipitation. In addition, a land cover layer, total
cultivated land, was included as a proxy to anthropogenic intervention and agricultural
systems, as smallholders presence and poultry density are closely linked in Ethiopia (Tadelle,
2003; Mwacharo et al., 2013).
Model building and predicting breed occurrence
To implement the PHD models, we used the maximum entropy algorithm in Maxent
(Phillips et al., 2006). The probability of suitability was presented on a map. We validated
the model using the receiver operating characteristic (ROC) curve (known areas of presence
predicted absent, Phillips et al., 2006).
For each breed independently, we generated a map of the potential distribution. For
each breed we identified the environmental variables that had the highest predictive
contribution to the model and evaluated these variables against the environmental
background of the breed.
Cross-validation
To determine if the model predictions could predict breed suitability, we divided the
country in a total of 110 cells. For each breed independently, the localities within each cell
where the breed was present were removed from the training data set, and the model was
fitted to predict a probability of occurrence for that same cell. This was done cell by cell for
all of the cells that included the occurrence data.
For the cells where the breed was not present, a set of random localities, defined as
absent localities was developed and the predicted probability for each of the cells was
estimated as the cells with occurrence data.
To evaluate the ability of the model to identify suitable environmental conditions, we
first selected the cells with reported poultry density greater than 10 individuals per square
kilometer (Robinson et al., 2014). Then the predicted probabilities for the cells with
occurrences and the cells with absences were compared and visualized with a density plot. A
t-test was applied to test whether both groups were significantly different.
Data handling and Maxent analyses were conducted with R version 3.2.2 (R
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Development Core Team, 2016) running on RStudio version 0.99.902 (RStudio Team,
2015).
Results
Prediction of breed suitability and cross-validation
Predicted suitability for cells where the breed is present was greater than the predicted
suitability for cells where the breeds is absent (P < 0.05). For both breeds, the model
predicted that suitable environmental conditions exist beyond the current boundaries of the
breed distribution (Fig. 2). The area under the ROC curve for the model predicting the
potential distributions of the Fayoumi and Koekoek breeds were close to one (0.981 and
0.975 respectively), indicating that the model performed well.
Most important climatic conditions
The variable explaining most of the variation in suitability for the Fayoumi breed
(43.7%; Table 1) was associated with total cultivated land. The next two axes jointly
accounted for 26.3% of the environmental variation (Table 1) and were associated with
precipitation. The variable explaining most of the variation for the Koekoek breed (PC1;
18.1%; Table 1) was associated with minimum temperature of the coldest month. The next
two axes jointly accounted for 21.6% of the variation (Table 1) and were associated with
mean temperature of the warmest quarter, and the range of mean monthly temperature.
Discussion
Our results suggest that each breed occupies different climatic environments; the Fayoumi
breed is kept in areas where there is a higher percentage of land used in agriculture, and
where there is higher precipitation, whereas the Koekoek breed is kept in colder
environments with larger temperature fluctuation. Even though both breeds are kept in
overlapping areas of the country, it should be noted that there are some areas where they do
not occur together. The Koekoek breed is kept in some localities associated with tepid to cool
moist and sub-moist mid-highlands. The Fayoumi breed is kept in tepid to cool humid mid-
highlands, and hot to warm moist lowlands. The distribution models also suggest that there
are more areas of the country where the Fayoumi and the Koekoek breeds could be suitable
for poultry production. This result can be informative in deciding which breed to keep
depending on the region.
Differences on the current distribution of breeds can be attributed to both natural and
non-natural processes, where anthropogenic influence, as well as the environment where the
breeds are kept can play an important role in shaping local adaptation (Mariante and Egito,
2002). Part of this biological variation can be explained by the breeds’ origin, and where
environmental selective pressures have shaped their adaptation to specific environments. The
Fayoumi is a breed of Egyptian origin (Hossaryl and Galal, 1994), while the Koekoek
originated in South Africa (Grobbelaar et al., 2010). A study that assessed the genetic
diversity of chicken populations in Africa, Asia and Europe revealed that the Fayoumi breed
was grouped with chickens from the Mediterranean, while the Koekoek shared a cluster with
eastern European breeds and broiler chickens (Lyimo et al., 2014). This genetic variability
also suggests that breeds might respond differently in different climates.
In conclusion, this work showed the utility of habitat distribution models in predicting
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livestock suitability to different agro-ecologies. Understanding the environmental
requirements of different breeds, including the knowledge of which environmental variables
are determining the difference in performance, is an important tool to support higher
productivity in particular regions (Arthur and Albers, 2003). The PHD models allows for
better decisions in introduction programs and in the design of testing schemes, and increases
our understanding of the role of the environment in livestock productivity.
Figures





Min Temperature of Coldest Month 18.1
Koekoek Mean Temperature of Warmest Quarter 11.9
Mean Diurnal Range 9.7
Total cultivated land 43.7
Fayoumi Precipitation of Driest Quarter 16.9
Precipitation of Coldest Quarter 9.4
Figure 1. Map of Ethiopia showing the 18 major agro-ecological zones based on
temperature and precipitation.
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Figure 2. Suitability predictions for (a) Koekoek, and (b) Fayoumi breeds in Ethiopia.
Predicted areas are shaded; darker colors denote areas of higher climatic suitability.
Observed localities used to build the model are shown in black dots.
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